Abstract. Formation causes and the characteristics of time distribution about abnormal fluctuation of power load have been analyzed by using every 15-minute interval power-loading data in Hubei and the meteorological data in Wuhan city from 2013 to 2016. It is found that the main time-frame about abnormal fluctuation of power load appears in the summer (July and August) in Hubei and a "peak load meteorological forecast model" has been made. This result demonstrates that the model can predict load abnormal fluctuation during the summer well in Hubei Province and provide useful reference for meteorological department to implement power meteorological service and the electricity sector to forecast power load.
Introduction
As the global climate becomes warmer, the occurrence of extreme daily high temperatures increases significantly in recent decades. Because China has become more industrialized in past few decades, the living standard of Chinese people is improved dramatically. These changes drive a revolutionized expansion of China's power production and an upgrade of the national power grid. Except the increased industrial power demand, the domestic power demand also increases dramatically in recent years due to a wider usage of air conditioning in summer and interior heating in winter. Resulting from these power demands, it is important to manage the power load effectively on the national and regional power grids in order to maximize the efficiency of the power production and minimize the waste of electrical power. The power load can be influenced by factors such as changes of climate, society, environment and social development. Many previous studies have tried to build the relationships among electricity load and meteorological conditions as well as power load forecast [1] [2] [3] [4] [5] [6] [7] [8] [9] . The abnormal load fluctuations (such as steep up and down) due to the changes of meteorological conditions not only bring challenges and pressure to the security of the power supply system, but also make it difficult to forecast power load. It will be great beneficial if these abnormal load fluctuations could be predicted in advance. In this study, we will demonstrate that meteorological condition is one of the important factors which leads to the chaotic characteristics of power load by using a high frequency data set of power load and meteorological data of Wuhan City from 2013 to 2016, and successfully forecasting the changes in these meteorological conditions becomes essential to avoid the abnormal load fluctuations.
Data and Methods

Data
The power data (i.e., every 15-minute interval power-loading data) in Hubei is from the State Grid of Hubei Province power company, the Meteorological data is from Meteorological Information Archives of Hubei Province. The data is from 2013 to 2016.
Methods
Definition about Abnormal Load Fluctuation. The maximum value is selected from every 15-minute interval power-loading data in every 24-hour period as the daily load peak Q i , and Q i-1 is the load peak of the previous day, daily load peak amplitude is calculated as △Q:
If |△Q|≥ 10% in any day, we record it as an abnormal load fluctuation day. If |△Q|≥10% occurs in two consecutive days, we record them as two abnormal load fluctuations. If △Q≥10%, we record it as power load steep up; if △Q≤-10%, we record it as power load steep down.
Meteorological Variables. The average temperature, maximum temperature, minimum temperature, average relative humidity, daily rainfall, 2-minute average wind speed, sunshine duration and other meteorological data are selected in Wuhan.
In order to study the impact of the daily high and low temperatures on the power load, we introduce some variables called temperature combination factors, in addition to the daily mean, maximum and minimum temperatures. These temperature combination factors are running means of the three daily temperatures. Such as, for the daily mean air temperature 〒, we introduce 〒 -1 , 〒 -2 , 〒 -3 , 〒 -4 as the daily mean temperature combination factors. 〒 -1 is defined as the average of today's and the previous day's mean temperatures; 〒 -2 as the average of today's and previous two-day's mean temperatures; 〒 -3 as the average of today's and previous three-day's mean temperatures; 〒 -4 as the average of today's and previous four-day's mean temperatures. Similarly, we can define the four combination factors for the daily maximum and minimum temperatures.
Analytical Methods. The correlation and regression are used to study the cause of abnormal load fluctuations. By employing the SPSS (i.e., Statistical Package for Social Science), the meteorological forecast model of electricity load is established, and peak load and abnormal load fluctuation of are predicted and tested.
Results
Characteristics of Daily Peak Load Variation
As shown in Figure 1 , the annual cycle of the daily peak load in Hubei power grid from 2013 to 2016 displays a bimodal variation with two obvious peaks, one in summer and one in winter. The summer peaks, mostly in July and August, are in general higher than the winter ones. The maximum load was 32078.13MW, and occurred at 22:10 on August 19, 2016. The winter peak appeared in the months from December to February. The maximum winter load was 26167.52MW, and occurred at 19:00 on January 22, 2016. The peak load values in summer are significantly higher than those in winter, suggesting that the power load for summer interior air-conditioning was significantly higher than the power load for winter interior heating. Figure 2 is a scatter plot of the daily variation of the peak load from 2013 to 2016. In general, daily load peak amplitudes change among -10% to 10%. The occurrence of abnormal peak load events is 18, 20, 21, 17 times, respectively for 2013 to 2016. Statistical significant test analysis indicates an insignificant inter-annual change of the occurrence of these abnormal peak load events. On monthly timescale, these abnormal daily electricity peak load events occurred mostly in June, July, August, September and February. The total number of these events in July and August are significantly higher than that in other months. Moreover, it is rare for these events to occur from October (except for the first day of the National Day holiday) to January of next year and from March to April (see Figure 3a. ). Further analysis show that these abnormal electricity peak load events occur mostly in late June, mid to late July and late August (see Figure 3b .) which is related to the following reasons:
Characteristic Analysis of Daily Load Abnormal Fluctuation
In Hubei, the Meiyu season starts normally in late June, but sometimes, Meiyu can start later than normal or totally absent in some years. During Meiyu season, sometime it does not rain constantly, but with breaks. During these Meiyu breaks, the air temperature can rise sharply due to the lack of could cover which leads increased solar radiation reaching the surface. As a result, the power load increases significantly.
Mid to late July is the summer high temperature period in Hubei. Strong convective weather often occurs in afternoon accompanied by the sharp temperature drops, resulting in steep drop of load. When Hubei is controlled by the subtropical high, the lack of convective weather causes a sharp increase of air temperature and a steep rise of the power load.
In late August, the chance of the landfall typhoons affecting the eastern of Hubei increases. Whenever this happens, the temperature in the central and eastern regions of Hubei will drop sharply, significantly reducing the power demands due to air conditioning and refrigeration, resulting in a drop in power load. 
Reasons for daily abnormal load fluctuation
The Influence of Meteorological Conditions on the Load Rise. The total number of daily abnormal load events from 2013 to 2016 is 76 times, and 44 of these events (59%) are accompanied by weather changes. Daily mean temperature changed more than ± 2℃ in Wuhan City, the capital city of Hubei province. On the other hand, there were 28 times of the 76 events to occur on the National Day, the Chinese New Year holiday, May Day holiday and weekend, which account for 36.8% of the total events in these four years. 17 events (22.4%) occurred on Mondays. Overall, most of these events (about 90.8%) occurred in the rain and cooling days, transition from rainy days to sunny and hot days, holidays, and the first workday after a holiday. A total of 21 typical events with abnormal load fluctuation exceeding ± 14% are selected to investigate the role of meteorological factors on these events. (Table 1 , △Q, △〒, △T max , △T min , △Rh, △v is the 24-hour mean value, and represent daily electricity load peak in Hubei power grid, the daily average temperature, the daily maximum temperature, the daily minimum temperature, the daily average relative humidity and the daily average wind velocity, R 08-20 was rainfall in the daytime. All meteorological data are from Wuhan meteorological observatory station).
As shown in Table 1 , 18 (or 86%) out of the 21 typical events occurred from May to September. The daily average temperature for these events increases by more than 2℃ in Wuhan City. Therefore, these elevated load events are accompanied by an increased temperature and a decreased humidity in summer. Even without obvious temperature increase on Mondays, the power load can also increase sharply in July and August due to the increase of workloads, such that more factories and offices would be in operation inducing increased electricity demands. For the events with significant power load increase in winter, it usually occurs in cold and windy days, such as a drop of daily temperature by more than 3℃ in Wuhan City. For the events with significant load decrease in summer, it usually associated to days with precipitation. In those days, the cloudiness will prevent more solar radiation reaching the surface, leading to a cooler air temperature. Moreover, compound with the cooling associated with the increased evaporation, the daily mean temperature can drop more than 3℃ in Wuhan City. The elevated evaporation also causes an increase in the relative humidity. The two events with significant load drop and the reduced electricity production occurred during the Spring Festival in winter. For these two events, the daily mean temperature went up by more than 7.7℃ with an increase of the daily maximum temperature by 9.7℃, and an increase of daily minimum temperature by 4.8℃ in Wuhan City. With these warm weathers, such as on January 31, 2014, the peak load fell by 14% in Hubei power grid. Therefore, both the meteorological conditions and holidays have played a role on the abnormal load fluctuations.
In different seasons, relationship between the variations of meteorological conditions and the abnormal load fluctuations can be very different. In summer, when daily temperature increases, the usage of the air-conditioning increases, leading to an increased electricity demand, and a rise in power grid load, vice versa for conditions with a cold event associated to precipitation. As a result, the temperature is correlated positively with power load. In winter, when the temperature dropped sharply, such as a cold wave event, the demand of interior heating increases, leading to a sharp increase of the power load. However, during winter warm days, this demand decreases with a reduced power load. Thus, the temperature is negatively correlated with the power load in winter. 
Prediction Model of Peak Load Meteorological Forecast and Test in Hubei Power Grid Prediction Model of Peak Load Meteorological Forecast in Hubei Power Grid at July and August
As shown before, the abnormal load fluctuations occur mainly in July and August in Hubei power grid. The total number of days in July and August for these four years (from 2013 to 2016) is 248. The abnormal load fluctuation (|△Q|≥10%) occurs in 34 days of these 248 days (14%). The number of load fluctuation |△Q| within 5% to 10% is 70 days, accounting for 28% of the 248 days. In the rest of days (about 58%), the load fluctuation is less than 5%. Although the number of abnormal load fluctuation is not very large, they can post significant threat to the safety of the power grid. If these abnormal load fluctuation events could be forecasted well, the accuracy of the monthly load forecasting can be improved. This is very important to make power load balance and to safeguard the operation of power grid.
In order to predict the peak load, the daily mean and minimum temperatures, relative humidity, mean wind speed and rainfall are chosen to be the main factors and the peak load as the dependent variable for July and August in 2013~ 2016. Based on the stepwise regression method, only the temperature factor passed the significance test. Multiple correlation coefficients of the equations about peak load forecasting in July and August are 0.962 and 0.963, respectively. The regression equations are as follow: 
Q Jul. and Q Aug are the daily predicted peak load values of the Hubei power grid in July and August respectively. Q -1 is the previous day's actual peak load data of the Hubei power grid, 〒 is the day's predicted average temperature, 〒 -1 is the average value of the day's predicted average temperature and previous day's average temperature, T m is the day's minimum temperature, T m-1 is the average value of the day's and previous day's minimum temperature, T M is the day's predicted maximum temperature, T M-1 is the average of the day's predicted maximum temperature and previous day's actual maximum temperature. The temperatures are from the Wuhan weather station.
Effect Test of Peak Load Meteorological Forecast of Hubei Power Grid at July and August. We did a return test to examine the effectiveness of these equations by using the observed power load in Hubei power grid and temperature in Wuhan at July and August from 2013 to 2015. Results show that: 1) during the continuously high temperature period, the predicted peak load is smaller than observed. By artificially rising the mean temperature by 1℃, the forecast error can be reduced significantly.
2) The predicted peak load on Mondays is about 1000MW smaller than the observed. In hot days, such as the days with maximum temperature over 35℃ in Hubei, the predicted peak load is about 2000MW smaller than the observed. 3) The predicted peak load is about 2000MW higher than observed in rainy days. As shown in Table 1 , the peak loads increase on summer Mondays due to the usage of air conditioning in offices and factories. To accommodate these events not related to weather conditions, a correction factor is used for Mondays. Whenever the daily maximum temperature rise above 35℃ on Mondays in Hubei, meteorological factors superimpose on holiday factor which results in a significant increase in power loads. However, on weekends, the closure of offices reduces power loads, moreover some manufacture factories close on Sundays, leading to a further reduction of the power loads on Sundays. When these factors are compound with a rainy weekend, the peak load would drop even further. There, we set load impact correction factor on weekends and on Mondays based on these return tests as shown in Table 2 . Next we will validate the prediction from equations (2) and (3) plus the corrections based on Table 2 and use the meteorological data from Wuhan Weather Station in July and August, 2016. This prediction will be compared against the real peak load data of Hubei power grid. As shown in Figure 4 , the predicted peak loads are close to the real peak loads. To further look at the percent changes of daily peak loads, the percent values of the predicted and real peak loads for these two months are shown in Figure 5 . There are 8 peak load fluctuation events (July 1, 7, 15, 21 and August 3, 21, 26, 27). Of these 8 events, 5 of them have been predicted successfully. In the other three events, the fluctuation of the peak loads is about±8%~±10%, close to our criteria for the peak load fluctuation events. 
Discussion and Conclusion
In general, our study show that the electricity peak load season of the Hubei power grid is in July and August, with a secondary peak in the winter (from December to February). Meteorological conditions and weekends (holidays) can both lead to an increase or decrease of peak loads. Major peak load fluctuations occur from June to September and in February, with majority in July and August. A simple statistical model based on meteorological conditions can successfully predict the power peak-load fluctuations. This success can greatly benefit the power plants on managing their power production and power grid security.
